Construction of DNA substrates modified with psoralen at a unique site and study of the action mechanism of ABC excinuclease on these uniformly modified substrates.
Psoralens bind to DNA noncovalently and upon exposure to near UV (320-400 nm) light produce covalent adducts. Thymidine residues in DNA, especially those at 5'-TpA-3' sequences, are most susceptible to the photochemical reaction. This property of the reaction and the recent advances in oligonucleotide synthesis and separation has enabled us to construct DNA fragments containing psoralen adducts at a specific site. The octanucleotide 5'-TCGTAGCT-3' was photoreacted (in the presence of the complementary strand) with the synthetic psoralen 4'-hydroxymethyl-4,5',8-trimethylpsoralen to obtain oligonucleotides adducted via the furan or pyrone ring at the internal thymine. These modified octanucleotides were ligated to nonmodified oligonucleotides to obtain a 40-base pair DNA fragment containing a psoralen adduct at a central location. The modified fragment having the thymine-furan side 4'-hydroxymethyl-4,5',8-trimethylpsoralen adduct was irradiated with 360 nm of light to produce an interstrand cross-link, and this cross-linked DNA was purified to homogeneity. These uniquely modified DNAs were used as substrates for Escherichia coli ABC excinuclease to determine its incision mechanism unambiguously and to determine the contact sites of the enzyme. ABC excinuclease mediates the cleavage of the 8th and 5th phosphodiester bonds 5' and 3', respectively, to psoralen monoadducts, and the 9th (5') and 3rd (3') phosphodiester bonds to the furan-side thymine of the cross-link. Preliminary DNaseI footprinting studies show that ABC excinuclease protects the whole 40-base pair fragment from DNaseI, and binding of the A and B subunits to the furan side-monoadducted substrate produces two hypersensitive phosphodiester bonds in the vicinity of the 5' incision site of ABC excinuclease.